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Abstract 
Distributions of the charged particles multiplicities in the electromagnetic showers initiated 
by 10 to 1000 GeV electrons in lead are calculated using GEANT4. It is shown that they are 
well fitted by the inverse sum of two exponents. The evolution of the multiplicity distribution 
shapes as a function of the lead depth is discussed. An estimate of the energy resolution of a 
simple e,γ detector consisting of a high Z convertor and a counter of the shower electrons and 
positrons is presented. 
1. Introduction 
 Detectors consisting of a lead converter and a position sensitive detector behind it are 
widely used in HEP experiments for e,γ/hadron  and γ/π0 separations and for e, γ coordinate 
and energy measurements[1-13]. They are often called preshower or shower maximum detec-
tors. Their characteristics depend on the fluctuations of the charge particle flux in electromag-
netic (EM) showers initiated in the converter by the primary e,γ. In our previous studies[14] it 
is shown that multiplicity distributions at the converter depth of tmax, corresponding to the 
maximum of the charged particles flux in the EM showers, are asymmetric and have long tails 
at the low multiplicities due to late developments of some showers. They are well described 
by the inverse sum of two exponents: 
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where р0 is a normalization factor and p1, p2, p3 are free parameters. This function is defined 
from - to + and because N>0 it can be used only if the multiplicity N>>1 and dP/dN(0) is 
close to 0. Thus, it is applicable only to thick converters with t>>1 (here and below t is in ra-
diation lengths). The main purpose of this report is to study how well this formula works at 
the converter thickness t other than tmax and how dP/dN shape varies as a function of t.  
To answer these questions 5000 EM cascades in lead were generated for each primary elec-
tron energy E0 of 10, 20, 40, 80, 160, 200, 500 and 1000 GeV. The calculations were based on 
GEANT4 10.01.p02 (Physical list FTFP_BERT)[15] with 700 micron range cut. Correspond-
ing energy thresholds for the secondaries e
+
 and e
─ 
are close to 1 MeV. From Table 1 it fol-
lows that increasing or decreasing the range cut by a factor of two does not affect the average 
particle flux <N> within statistical uncertainty of 0.5% since the energy thresholds are much 
less than the average particle energy[16]. Note that the charged particles flux consists mainly 
of e
+
 and e
─
. For example the admixture of other particles at tmax for E0=200 GeV is 0.02% 
only[14]. The converter diameter is 70 cm. 
Table 1. <N> vs range cut 
E0, 
GeV 
t, r. l. 
Cut, mm 
0.35 0.7 1.4 
40 16 36.4 ± 0.2 36.2 ± 0.2 36.1 ± 0.2 
80 16 93.7 ± 0.6 90.5 ± 0.6 90.9 ± 0.6 
200 9 828.1 ± 3.5 825.9 ± 3.5 825.6 ± 3.5 
 
2. Charge particle multiplicity distributions 
Fig.1 shows the results of GEANT4 simulations of EM showers in lead fitted to gamma func-
tion  
                                                <N>=c0(bt)
a-1
e
-bt
,                                                          (2) 
where c0, a and b are free parameters[17].  
  
 
Figure 1. Results of GEANT4 simulation of EM showers in lead fitted to gamma function (2). 
dP/dN distributions for E0=10, 40, 200 and 1000 GeV are presented in Figs.2 - 5. For all en-
ergies and t>>1 these distributions are reasonably well described by formula (1). Fig.6 pre-
sents the t-dependencies of p1 and -p2 parameters obtained from the fit to formula (1). From 
Fig.6 it follows that at some depths t1 below and t2 above tmax  p1 and  -p2 parameters become 
equal (two p1, -p2 intersections below tmax at 1000 GeV are not discussed in this paper). As 
follows from formula (1) at these t  values dP/dN distributions become symmetric (see Figs. 2 
- 5) and can be described by the following function: 
                                                   dP/dN=(p/π)·ch-1(p[N-p3]),                                        (3)  
where p= p1=-p2 .This function reaches maximum of p/π at N= p3. Asymmetric dP/dN distri-
butions between t1 and t2 have tails on the left side of the dP/dN peak while in the region of 
t>t2 the tail appears on the right side as shown in Fig. 2 - 5. 
 
  
   
 
    
 
   
Figure 2. Charged particles multiplicity distributions in the EM showers initiated by 10 GeV 
electrons at different depths t of lead. 
  
  
  
  
  
 
Figure 3. Charged particles multiplicity distributions in the EM showers initiated by 40 GeV 
electrons at different depths t of lead. 
 
 
 
  
 
  
 
  
 
  
 
Figure 4. Charged particles multiplicity distributions in the EM showers initiated by 200 GeV 
electrons at different depths t of lead. 
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Figure 5. Charged particles multiplicity distributions in the EM showers initiated by 1000 
GeV electrons at different depths t of lead. 
 
  
  
 
Figure 6.  t - dependencies of the p1 (black marks) and -p2 (open marks) parameters for differ-
ent E0 energies. The smooth curves are drawn using ROOT package.  
  
3. RMS/<N> vs E0 and t 
An important parameter of the particles multiplicity distributions is RMS/<N>. t-
dependencies of RMS/<N> values for different E0 energies are shown in Fig.7. From Fig.7 it 
follows that the positions t0 of minimal RMS/<N> values do not coincide with tmax where par-
ticle flux reaches maximum value, instead close to t2. The t0 and tmax energy dependencies are 
presented in Fig.8. Both follow logarithmic dependence: 
tmax = (3.060.08) + (1.129 0.016) lnE0, 
t0= (4.310.06) + (1.177 0.012) lnE0  
with similar slopes while the t0 constant term is 1.25 r. l. above the constant term for tmax. The 
energy dependence of RMS/<N> minimal values is shown in Fig.9. It is fitted by the formula 
                            (RMS/<N>)min.= (0.46±0.03)/E
0.49±0.04+(0.074±0.005).                         (4) 
The first term in (4) can be interpreted as a stochastic term independent of the place in the 
converter where the EM shower started to develop. The constant term is mainly due to fluctu-
ations of the shower starting point. Formula (4) is an estimate of the best energy resolution of 
a simple e,  detector, consisting of a high Z converter and a counter of e+, e- behind it.  
3. Conclusions 
Calculations of the EM showers initiated by 10 to 1000 GeV electrons in lead are performed 
using GEANT4 to investigate fluctuations of the charged particles fluxes. It is shown that for 
all studied electron energies and lead depths probability distributions dP/dN of the charged 
particles multiplicities are well described by the inverse sum of two exponents with three free 
parameters.  At the certain depths t1<tmax and t2 >tmax  dP/dN distributions are symmetric. In 
the interval from t1 to t2  dP/dN distributions are asymmetric with the tail on the left side of 
the dP/dN peak and in the region t>t2 the tail appears on the right side of the peak. Such evo-
lution of dP/dN shape can be explained by the late development of some EM showers. Mini-
mal RMS/<N> values of the multiplicity distributions are achieved at the depths close to t2. As 
follows from formula (4) their E0-dependence obeys a power law. Formula (4) is an estimate 
of the best energy resolution of a simple e, detector consisting of a high Z converter and a 
detector of secondaries e
+
, e
-
 behind it.  
 
  
  
 
  
 
  
Figure 7. t-dependence of RMS/<N> for particles multiplicity distributions in the EM show-
ers initiated by 10 to 1000 GeV electrons in lead. 
  
 
Figure 8. tmax (black circles) and t0 (open circles) vs shower energy E0. 
 
Figure 9. Minimal RMS/<N> values vs shower energy E0. 
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